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Physics beyond Causality
A.V. Novikov-Borodin
Institute for Nuclear Research of RAS, 60-th October Anniversary prospect 7a, 117312 Moscow, Russia
The representations of the world around in physics built with help of causality are analyzed and
seems incomplete. The observer’s causal representations form a closed logical system, i.e. the com-
pact group related to cause-effect chains. The space-time representations are exactly the background
of this closed system and the off-site phenomena exceeded the space-time continuum of the observer
are investigated. Off-site phenomena occur responsible for ‘mysteries and paradoxes’ in quantum
physics and ‘dark substances’ in modern cosmology. The existing paradigm of cognoscibility is
reconsidered and specified. The theory of sets predicts an infinite number of levels of cognition,
where the world around seems more and more disordered and chaotic. The possibilities of different
levels of cognition are estimated from this point of view. Relativistic and quantum theories operate
on different levels of cognition, so their unification in frames of rigorous logical theory seems quite
doubtful.
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INTRODUCTION
Whether space-times, different from the observer’s one,
can exist? How can we describe them and what physical
situation it may concern? How could we observe the
physical objects from different space-times, and do they
have correspondences with known ones? These questions
together with arising epistemological problems are being
considered and discussed.
I. SPACE-TIME
The observer perceives events in the world around
through his frame of references S: x ≡ (x0, . . . ,xn−1),
which is a set of continuous variables or coordinates, i.e.
some reference marks or reference events in space and
time. Due to relativistic principle the space-time and
matter are equivalently described from a class of inertial
frames ST related with each other by a group of trans-
formations T . It is the Galileo group in the Newtonian-
Galilean scheme (NG) and they are generalized by en-
larging to the Lorentz group in Special Relativity (SR)
(see, for example, L. Ryder Ref.[12], 2009).
The ‘origin’ of inertiality is postulated. In practice, to
distinguish the inertial frame from non-inertial one, it is
proposed to use a test particle. However, all particles be-
long to investigated matter by default, so the test parti-
cle and the observer himself are also parts of investigated
matter. Thus, there is ‘hidden’ axiomatic interconnection
in SR (and in NG) of the space-time GSR perceived by
the observer through inertial frames ST with matter M:
GSR (ST ) L99M. The space-time representations occur
logically close for the observer: he tests his own space-
time by particles of matter, to which he belongs himself.
Off-site matter, off-site space-times, such parallel worlds,
even if exist, are undistinguished for the observer from
nonexistent. In SR (and NG) it looks equivalent to the
conclusion that ‘parallel worlds’ do not exist at all.
The ‘hidden’ axiomatic interconnections between
space-time and matter become explicit in General rel-
ativity (GR), because now the gravitating matter can
bend the space-time topology and SR representations of
a space-time are generalized to the GR space-time man-
ifold: GGR (ST ;M) ⇋ M. The affine connectivity and
metrics are usually introduced in all considered models
of the space-time, so in classical and relativistic theo-
ries (NG, SR and GR) the space-time is represented as a
continuum.
As before, the observer in GR perceives his own space-
time, his ‘ordinary’ matter to which he belongs himself,
and these representations seem also logically closed for
him, but now this closure is explicit and may be de-
scribed mathematically: “The general theory of relativ-
ity generates conservation laws inside itself and not in
the form of consequences of the field equations, but in
the form of identities. There is the following. If you are
considering the integral I =
∫ Rd4x, in which R is, of
course, an invariant density, so the four identical ratios
between Hamiltonian derivatives of R just follow from
the only one fact of the general invariance of this inte-
gral and these ratios are of type of conservation laws”
(E. Schro¨dinger Ref.[13]). The existence of one closed
system leads to the existence of others and E. Schro¨dinger
as long ago as 1950 had noticed to this possibility: “These
identities are not the only ones. Any scalar density gen-
erates some system of identities. . . . If one has two dif-
ferent densities, it may seem that their conservation laws
and field equations do not have any correspondences at
all, as though stay off-site from each other”.
Off-site continuums would be again ‘undistinguished
from nonexistent’, if nobody proposes the way of their
interaction with the observer’s continuum. An explicit
influence of matter onto the space-time topology in GR
gives us this possibility. We will consider that not only
‘ordinary’ matter from observer’s continuum, but also
‘off-site’ matters M˜ from off-site continuums G˜ (below in
text we will usually mark off-site parameters with tilde)
may be involved in gravitational interactions in other
continuums. Thus, continuums occur interconnected in
the Global system (GS):{
G
(
ST ;M,M˜(1), . . .
)
⇋M,
G˜(1)(. . .)⇋ M˜(1), G˜(2)(. . .)⇋ M˜(2) . . .
(1)
In the general case, not all matter, but some parts of
it from action regions D ⊂ G and D˜ ⊂ G˜ may be in-
terconnected with each other. Three possible cases of
interconnections between continuums are shown on Fig-
ure 1A: the general case, when G ⊃ D ⇄ D˜(i) ⊂ G˜(i);
and two particular cases, when G ≡ D ⇄ D˜(j) ⊂ G˜(j)
2FIG. 1. Off-site interaction between continuums
and G ⊃ D(k) ⇄ D˜(k) ≡ G˜(k). As far as the off-site
matter takes part in gravitational interaction in the ob-
server’s continuum, it bends the observer’s space-time.
It is schematically shown on Figure 1B. Thus, we have
introduced the principle of off-site action between con-
tinuums:
• Continuums are in off-site action, if corresponding
parts of matter from their action regions are in-
volved in gravitational interaction in each of them.
Note running ahead, that the notion of off-site con-
tinuums cannot be reduced to model of continuum with
additional hidden or compact spaces. We will consider
this question in details in next Section II.
In spite of the supposition of the existence of off-site
matters, their existence meets principal objections. The
first one: “if we have no particular answer to a ques-
tion: “what physical situation does this describe?”, then
it remains an interesting case, but perhaps only in the
mathematical sense” (L. Ryder, 2010). Other objections
come from the theory of cognition, but they occur in a
close connection with the first one.
II. PARADIGM OF COGNOSCIBILITY
The paradigm of cognoscibility in science declares that
the world around is cognizable. One usually interprets it
as follows: the world around is accessible for human cog-
nition and even if some unknown regions exist, they are
only undiscovered yet. Thus, any ‘off-site matter’ is con-
sidered as the ordinary one, but not discovered yet. Such
interpretation has logical justification: if something can
influence us, so we are able to perceive it and to cog-
nize, if not, in practice, it is undistinguished for us from
nonexistent. That is why science deals with cognizable
real world, called physical reality, and considers ‘off-site
matters’ and ‘outside worlds’ as some speculations.
However, what does ‘cognizable’ mean? The funda-
mental properties of objects in quantum physics, such
as dualism, uncertainties, are declared as ‘outside the
human imagination’, ‘outside the everyday experience’,
etc. The quantum mechanics is considered as “an anti-
intuitive discipline . . . full of mysteries and paradoxes,
which we do not understand well enough, but are able
to use” (M. Gell-Mann Ref.[4], 1981). Moreover, the
observations in modern cosmology lead to the “absurd
model” of the universe, where “most of the universe is
made of something fundamentally different from the or-
dinary matter we are made of. . . .The contribution of
ordinary matter to the overall mass-energy budget has
been shown to be small, with more than 95% of the uni-
verse existing in new and unidentified forms of matter
and energy” (W. Freedman, M. Turner Ref.[15], 2003).
We may also point out to ‘practically discovered’ black
holes, which explicitly do not belong to the space-time
of the observer, so off-site and unreachable for him. All
of this casts doubts on the above interpretation of the
paradigm of cognoscibility and needs us to analyze in
more details the process of human cognition.
The observer creates the system of representations
about the world around by interpreting events and inter-
connecting them by cause-effect chains. Such approach
gives a possibility to predict events and to survive in this
world. According to the existing paradigm of cognosci-
bility, we believe, that it is possible to interconnect by
cause-effect chains all events at any infinitesimal inter-
val in the space-time and to arrange them. It predeter-
mines the use of real numbers for the space-time descrip-
tion, predetermines the continuality and connectivity of
the space-time for us, i.e. predetermines the represen-
tation of the space-time as a continuum. Indeed, the
affine connectivity and metrics are usually introduced for
the space-time description in relativistic theories. Thus,
the existing representations about the world around in
physics are the consequence of using the causality prin-
ciple in cognition.
However, why are we so sure, that it is possible to in-
terconnect by cause-effect chains all events? It is known
from the mathematical theory of sets (see, for example,
Refs.[3, 5]) that continuums are only one type of possible
sets. They are classified as having the transfinite car-
dinal number ℵ1, but, for example, countable sets have
less cardinality ℵ0 and the real functions of any kind
from real argument have higher cardinality ℵ2. There
also exist other sets with cardinalities ℵ3,ℵ4 . . . up to in-
finity. From this point of view it is not clear why we
put in correspondence to the world around the space-
time continuums, but not other sets? It seems that the
only reason for us to use continuums is a convenience to
arrange events by means of cause-effect chains with the
logical ‘background’ ‘proved experimentally’ that it gives
3us a possibility to survive. Probably, it does not look like
enough reason for objective representations. . . .
Let’s consider few simple examples with sets to make
the situation more clear. Let’s {n} and {m} are two
sets of integer numbers. Sets of integer numbers are
‘closed’ in relation to operations of summation, subtrac-
tion and multiplication, because ∀ni, nj ∈ {n}: ni +
nj , ni − nj , ninj ∈ {n}. It is possible to say that sets
of integer numbers form the compact group to these op-
erations. If n = m sets are equivalent to each other.
However, if we ‘shift’ them from each other onto some
value a, i.e. putting n = m + a (or m = n − a), sets
will coincide when a is integer and will not even intersect
with each other otherwise, because in the last case ∀m:
m+ a /∈ {n} and ∀n: n− a /∈ {m}, so sets {n} and {m}
seem ‘parallel’ to each other in relation to above oper-
ations. Which set {n} or {m} is now a set of integer
numbers? – it depends on the ‘observer’, i.e. on choice
of the ‘initial’ frame for him. Of course, any set is appro-
priate to be ‘initial’. If one set, say for definiteness, {m}
is shifting in ‘time’ t with constant velocity v from the
set {n}, so a = vt, the observer in {n}, who is able to
operate only with integer numbers, will interpret the set
{m} as ‘usual’ or ‘ordinary’ one only in discrete points of
the real axis and as “something fundamentally different”
in others.
One can continue. When we ‘shift’ from each other
sets of rational numbers {p} and {q}, putting p = q + a
(or q = p − a), so if a is some irrational number, sets
also do not ‘intersect’ and may be considered as ‘par-
allel’ to each other in relation to above operations plus
division, i.e. sets may be considered as compact groups
to these operations. One can approximate any point on
real axis with any desired accuracy by rational numbers,
so, at first sight, it may seem enough for the approxima-
tion of real numbers by rational ones. However, rational
numbers form a countable set with the cardinality ℵ0,
while the cardinality of real numbers is ℵ1, so irrational
numbers are much more powerful than rational ones. It
means, for example, that the possibility to observe the
rational numbers on the real axis is equal to zero and it
is impossible to put in point-to-point correspondence the
rational and irrational numbers. Rational numbers may
always be considered only as approximation to irrational
ones, one may come from rational to irrational number
only in passage to the limit. If, again as in previous exam-
ple, one set, say for definiteness, {q} is shifting in ‘time’ t
with constant velocity v from the set {p}, so a = vt, the
observer in {p}, who is able to operate only with rational
numbers, will interpret the set {q} as ‘usual’ or ‘ordi-
nary’ one only in countable points of the real axis and as
‘something fundamentally different’ in others. Of course,
the ‘amount’ or cardinality of ‘fundamentally different’ is
incomparably larger than ‘ordinary’.
If we analogously consider two sets of real numbers
{x} and {y}, i.e. continuums with the cardinality ℵ1,
and shift them from each other, putting x = y + χ (or
y = x− χ), where χ is an element of the set with higher
cardinality, say ℵ2, so the observer in {x} will interpret
the set {y} as the ‘ordinary’ one only when χ is real
and as ‘fundamentally different’ in other cases. Again
one will be able to reach the set of ℵ2 from ℵ1 only in
passage through the limit and the ‘power’ or cardinality
of ‘fundamentally different’ will be incomparably larger
than ‘ordinary’. In the general case, it seems impossible
to arrange elements in sets with the cardinalities higher
than ℵ1. We have mentioned in previous Section I that
the notion of off-site continuums cannot be reduced to
model of continuum with additional hidden or compact
spaces, because continuums of any dimensionality have
the transfinite cardinality ℵ1, and not more. By the way,
any 1D-segment of real axis has the transfinite cardinal-
ity ℵ1, so is as powerful as any multidimensional contin-
uum.
Basing on this preliminary analysis, we may assert the
following:
• The representations of the world around created
with help of causality correspond to a set of ele-
ments or events continuously interconnected with
each other. Mathematically it is a continuum with
the transfinite cardinality not exceeded ℵ1.
• There are no objective reasons to limit the repre-
sentations of the world around by the continuum, so
the space-time continuum may be considered only
as some approximation of the world around.
• The space-time representations form a closed logi-
cal system for the internal observer, i.e. the com-
pact group in relation to his cause-effect chains, so
spaces exceeded the space-time continuum are un-
reachable for the observer’s causality, and, in this
sense, are ‘off-site’ for him.
The closure of the observer’s space-time is a crucial
point, but not the end of cognition, because this group
is compact only for the observer’s causality. The off-
site phenomena would become ‘reachable’ when we take
in consideration interconnections and sets with higher
transfinite cardinalities ℵ2,ℵ3 . . .. That’s why off-site
continuums in Global system on Figure 1 were shown
as some ‘compacts’ or closed systems with mutual inter-
connections exceeded the cause-effect chains inside each
continuum.
We may specify the new interpretation of Paradigm of
Cognoscibility as:
• The world around is cognizable, but its cognition
with help of causality is limited and not complete.
Now we have a background to consider the concept
of off-site phenomena with hope to interpret mentioned
above ‘mysteries and paradoxes’ in quantum physics and
‘fundamentally different’ substances in modern cosmol-
ogy.
III. OFF-SITE ACTION
In relativistic theories any identified physical object
may be described by the Action:
S =
∫ t2
t1
dtL(qj , q˙j) =
∫ t2
t1
dt
∫
L(qj , ∂iqj)
√−gdV, (2)
where g is the determinant of metric tensor gik in the ob-
server’s continuum, the action region D is separated onto
time τ = ct and space parts D: τ × V , dx0dx1dx2dx3 ≡
dτdV , c is the speed of light. The Lagrangian L and the
Lagrangian density L are functions of some quantities q
4and their derivatives ∂iq ≡ ∂q/∂xi, q˙ ≡ c∂0q ≡ ∂tq char-
acterizing the state of the physical system. It defines the
energy-momentum tensor Tik of physical object, which
in GR is a part of the Einstein field equations:
Rik − 1
2
gikR =
8piG
c4
Tik, (3)
where R = gikRik is a curvature, Rik a Ricci tensor, G a
gravitational constant.
At first sight, Eq (2) describes any physical object,
so the ordinary and off-site matters are simply undistin-
guished for the observer. However, a careful examination
reveals a principal difference between ordinary and off-
site matters. E. Schro¨dinger Ref.[13] had written about
the Einstein field equations (see Eq (3)) that: “I would
prefer you to consider these equations not as field equa-
tions, but as a definition of the energy-momentum ten-
sor Tik. As well as the Laplace’s equation divE = ρ (or
∇2φ = −4piρ) tells us nothing more than the divergence
E differs from zero everywhere where there is a charge,
and we call divE as a charge density. The charge does
not force the electric vector to have the non-zero diver-
gence, it exactly is this non-zero divergence. Just the
same, the matter does not force the geometric value from
the left side of this equation to differ from zero, it is this
non-zero tensor, it is described by him”.
One can see that matter in GR is identified with its
influence onto the observer’s continuum without consid-
ering the matter itself. The material point is quite ap-
propriate model for such approximation, because the re-
gion of the matter existence is negligibly small and one
can neglect its content replacing it by some macropa-
rameters of the matter’s influence. It defines the rep-
resentation of the point mass by generalized functions
m(x0) = m
∫
δ(x − x0)dx, where δ is a delta-function.
The material point is a mathematical trick to take the
fundamental question of the ‘origin’ of matter out of con-
sideration, or, at some level of cognition, a brilliant trick
to avoid this consideration. By default, the ‘ordinary
matter’ is understood in GR as a distribution of material
points or, more generaly, ‘point objects’ (vectors, tensors,
etc.), so the ordinary matter is not a matter itself, but
some characteristics of its influence onto the observer’s
space-time. Each material point, each part of ordinary
distributions need to obey the physical laws in the ob-
server’s continuum, so scalar, vector, tensor fields are
usually considered for ordinary matter description.
In GS representations the off-site matter interacts with
the observer’s continuum on some action region D ⊂ G
(see Figure 1). The observer cannot perceive the off-
site matter directly, but outside the action regions D the
influence of off-site matter needs to coincide with the
Action S Eq (2), so the fields χ initiated by the off-site
matter in D need to satisfy to the Action integral :
S˜ =
∫ t2
t1
dtL(qj , q˙j) =
∫ t2
t1
dt
∫
V
L(χ)√−gdx, (4)
which differs from Eq (2) exactly by taking into account
the action regions. Generally speaking, the initiated
fields by themselves depend on the off-site matter and, in
distinguish to ordinary distributions of material points,
do not need to be interconnected by cause-effect chains
in the observer’s continuum, so do not need to obey the
physical laws in it. Note, that we would not be able to
introduce the initiated fields without reconsideration in
Section II the paradigm of cognoscibility in science.
We can immediately say that as far as initiated fields
χ and the action region D depend on the off-site matter,
they cannot depend explicitly on the off-site space-time
continuum, so the action integral needs to be invariant.
For L to be invariant, the correlation between L and D
needs to exist. We will show in Section IV that these cor-
relations lead to quantization, but now we will consider
for simplicity that L and D are invariant both. Thus,
L is a scalar and L a scalar field. This way, quantities q
from Eq (2) characterizing the physical object are, in fact,
macro-characteristics of initiated fields, so Eqs (2) and
(4) have clear interconnection. For example, the point
mass m(x0) = m
∫
δ(x− x0)dx may be considered as the
passage through the limit with ‖V ‖ → 0 of the action
integral Eq (4) .
The initiated fields seem not defined well enough in-
side the action region by Eq (4), so different models and
interpretations are possible. Below we will consider some
of them, but we need to note before, that Eq (4) defines
on D some functional space. Generally, these functions
do not described by the observer’s causality, so are of
any kind and, as it is known from the set theory, have
cardinality ℵ2. We will interpret models and in ‘under-
standable’ notions of analytical functions of ℵ1, but they
will be only some approximations to more powerful mul-
tiformity.
The requirement of L to be a scalar field on D may
be satisfied in different ways. In tensor algebra one can
represent the scalar field as follows:
L = µ+AiBi + CikDik + EijkGijk + · · · . (5)
In relativistic theories the terms of L are understood
as the ‘ordinary’ distributions of matter in the observer’s
space-time (soD ≡ G). The first term L = µ has sense of
the gravitating matter distribution or the mass density.
The vector field Bi may be associated with currents of
electric charges Bi = ji, so A
i will be a 4-vector potential
and Cik = F ik, Dik = Fik 4-tensors of the electromag-
netic field.
The notion of initiated fields gives additional principal
possibilities. If some terms of L (or their components) are
considered as initiated fields, so others are complemented
ones to them to fulfill L to the scalar field. For example,
it will be shown in Section IV that considering currents
of electric charges Bi = ji as initiated fields in action
region D ⊂ G, the complemented fields Ai and F ik will
be extended to electroweak interactions.
Using the notion of the initiated field one can get even
more considerable generalization, because it occurs that
the action integral Eq (4) can include both relativistic
and quantum approaches. Indeed, now, one can represent
some terms of L as a scalar complex field ψ(x), because,
in distinguish to ordinary fields, it does not contradict
to the notion of the initiated fields, because the complex
conjugated field ψ(x) may successfully fulfill L to a scalar
field: L = ψ(x)ψ(x). One may continue these represen-
tations for spinor or matrix complex fields as follows:
L = µ+ ψψ + ηiηi + ξijξij + · · · . (6)
Here the summation over repeating indices is meant and
up indices mean also a transposition, so ηi is a component
of a row-vector, ηi of a column-one, and ξik = ξ
ki.
5In fact, the representation Eq (6) forms on D the in-
finite dimensional complex vector space. It exactly co-
incides with the mathematical apparatus of quantum
mechanics. Indeed, the eigenfunctions of the Hermit
operators on this vector space form a full basis on D
and corresponding real-valued eigenvalues are quite ap-
propriate for the description of macro-parameters ‘as a
whole’ of off-site objects. Objects ‘as a whole’ need
to satisfy to the physical laws in the observer’s con-
tinuum, so, according to the well-known algorithm of
the quantum mechanics, putting the eigenvalues qk of
the Hermit operator Lk = −ı∂k in a correspondence
to the components of the energy-momentum 4-vector
pk = (E/c,p) of a ‘particle’ with the mass m and ap-
plying ~qk = pk in p
kpk = m
2c2, one can get the Klein-
Gordon equation −~2∂k∂kψ = m2c2ψ. The Schro¨dinger
equation −ı~c∂0ψ = (~2/2m)∂α∂αψ + U(xα)ψ comes
from E ′ = p2/2m + U(xα), where E ′ and U are the ki-
netic energy and the potential. The Dirac equation for
the spinor Ψ = (ψ0, . . . , ψ3) (the third term in Eq (6))
is a result of matrix factorization of the Klein-Gordon
equation. For generality and discussion we may propose
the model with the interconnection of off-site matters
from two or more continuums on the same action region:
D ⇋ D˜(i) ⇋ D˜(j) · · · , which may be responsible for the
description of the Quantum ChromoDynamics objects.
The concept of off-site phenomena has important con-
sequences. The quantum and relativistic theories occur
the particular cases of GS representations, so many pos-
tulates and paradoxes of quantum physics have got clear
interpretations. For example, the particles’ duality, the
wave function collapse, the EPR-like effects do not look
like paradoxes in GS, because the initiated fields are not
the ‘ordinary’ distributions, so are not defined by cause-
effect chains in the observer’s continuum. The observer
can identify the initiated fields with ordinary matter only
‘as a whole’, in the material point approximation, but not
in general. Correspondences and differences between rel-
ativistic and quantum approaches become quite obvious
in GS: the physical objects are off-site for the observer’s
space-time, so off-site for his causality. Therefore, rela-
tivistic and quantum theories have different causalities,
and their backgrounds are and need to be inconsistent
with each other.
The observation and the possibility of identification
become in a very close connection with each other. In
fact, in relativistic theories the observer interprets the
world around from his space-time, from his ‘humancen-
tric’ point of view. The observer himself defines the priv-
ileged position of GR. “General relativity is, conceptu-
ally, a completely different sort of theory from the other
field theories, because of its explicitly geometric nature”
(L. Ryder Ref.[12]), but ‘multicentric’ GS representations
can include quite consistently them both.
IV. QUANTIZATION
The correlation through the initiated fields between
relativistic Eq (5) and quantum Eq (6) representations
gives interesting physical interpretations. For example,
using the notion of initiated fields the electromagnetic
fields may be extended up to electroweak interactions
and stable in time off-site objects are quantized, which
occurs the consequence of the energy conservation law in
the observer continuum.
In relativistic theories the physical objects with elec-
tric charges and electromagnetic fields are described in
Eq (2) by the Lagrangian density L = µ+Aiji+F ikFik,
where ji are currents of electric charges, A
i a 4-vector po-
tential and F ik 4-tensors of electromagnetic fields. The
variation of L leads to well-known wave equations for
electromagnetic fields. If currents ji are understood as
initiated fields, one needs to consider the action integral
Eq (4) instead of Eq (2). But the action integral is de-
fined on the action regions D: τ × V , so for the wave
equations the edge conditions Ai, F ik = 0 in G \D need
to be satisfied:
∂k∂kA
i = ji; ji, Ai ∈ D. (7)
Here we neglect the gravitational influence of off-site mat-
ter to the observer’s continuum, because it is negligibly
small on the scale of elementary particles in comparison
to others, i.e. electroweak and strong. It is considered√−g = 1 on D for simplicity, but without loosing the
generality.
The electromagnetic fields cannot exist outside the ac-
tion region D, because otherwise the stable in time off-
site object would be an infinite energy source (or a drain),
so edge conditions Ai, F ik = 0 in G\D are responsible for
the energy conservation in the observer’s continuum with
exception of the stationary electric and magnetic fields,
which do not transfer the energy. These edge conditions
may be satisfied by themechanism of compensation when
off-site sources are synchronized and compensate the elec-
tromagnetic fields excited by them outside the action re-
gions. Thus, sources ji need to be self-matched with
electromagnetic fields Ai excited by them.
Solving Eq (7) in complex amplitudes j(τ, r) =
J (r)eıω(l)τ , where ω(l) is the frequency and x = (τ, r),
one may come for the excited fields u(l) = U(r)eıω
(l)τ to
the stationary Helmholtz equation
(∇2 + |k(l)|2)U(r) =
J (r), k2 = |k(l)|2 = (ω(l))2, which in spherical polar co-
ordinates r = (r, ϑ, ϕ) has the fundamental solutions for
sources J = δ(r − R)Y ml (ϑ, ϕ), where Y ml are spherical
Bessel functions (Ref.[16]):
u
(l)
jm = e
−ıω
(l)
j
τ C√
r
Jl+ 12
(
k
(l)
j
r
R
)
Y ml (ϑ, ϕ).
Here Jl+ 12 are Bessel functions, C is some constant.
The edge conditions lead to the quantization equations
Jl+ 12 (k
(l)
j R) = 0 defining the quantized spatial sizes of
physical objects.
It is convenient to describe the mechanism of compen-
sation in 1D case (see Figure 2A). Here two synchronized
sources in points p and q excite waves on x-axis. If the
quantization conditions q − p = λ(n + 12 ), λ = 2pi/k,
n = 0,1,. . . are satisfied, there are the standing waves
U = 1
k
sin k(x − p) on x ∈ [p, q], while U = 0 on ‘exter-
nal’ regions x ∈ (−∞, p)∪(q,+∞). With the allowed dis-
crete spatial ‘sizes’ two permanent sources become ‘self-
matched’ with each other and do not emit waves, so may
be stable in time. Thus, only discrete states Sn with
spatial sizes q− p = λ(n+ 12 ) are allowed and the lowest
state S0 corresponds to q − p = λ/2. Standing waves
have an energy, so the passing between states Sn and Sm
are accompanied by emission (or absorption) in opposite
6FIG. 2. Excited fields: 1D (A) and 3D (B) cases.
directions of two field quanta with ‘length’ λ(n −m) if
n > m (n < m). These moving quanta are shown on Fig-
ure 2A with arrows. The corresponding standing waves
in spherically symmetric 3D-case are presented on Fig-
ure 2B.
The observer interprets the standing waves as if some
sources are in permanent exchange by field quanta with
each other, exactly as it is represented in field theories.
The electromagnetic fields excited by initiated ones seem
‘captured’ in action regions, which has clear correspon-
dences with the electroweak interactions. However, ex-
cited fields are not a reason of ‘confinement’, they just
complement the initiated fields defined on action regions.
We will consider the ‘capturing’ of the initiated fields in
more details in next Section V. Fields complemented to
the initiated fields of higher terms in Eqs (5,6) will pos-
sess other conserved values with corresponding conser-
vation laws. Taking into account that any particle may
annihilate with its antiparticle, considered mechanism of
compensation may be generalized for higher order fields,
which needs to have correspondences with interactions in
Quantum ChromoDynamics.
It is possible to observe the self-matched compact elec-
tromagnetic fields in macro-objects, in so-called optical
solitons (see, for example, N. Rosanov, Ref.[9], 2007)
existing in non-linear optical media. The nonlinearities
of optical media play a role of initiated fields of off-site
sources. Certainly, optical solitons differ from the off-site
objects by nature, but the way of formation of compact
electromagnetic fields looks quite similar. Solitons also
possess quite explicit quantum characteristics. There are
fundamental and vortical solitons, which can interact and
merge with each other, can create dynamically stable
systems or divide to different parts. The fireballs also
seem as compact electromagnetic fields created by self-
matched sources in excited media, for example, in the
ionized air.
The correlation supposed in Section III Eq (4) be-
tween L andD defines the quantization of off-site objects.
There are no limitations on the spatial ‘sizes’ of off-site
objects in Eq (7), but the complemented fields of ‘larger’
objects may be destroyed by more energetic smaller ones,
so the larger objects will be unstable because of these
external influences. Thus, the stable off-site objects are
seen by the observer with quantized spatial ‘sizes’ and
their spatial ‘scale’ is determined by the energy level of
the ‘surroundings’. Quantum postulates and paradoxes
acquire quite clear interpretations with the concept of
off-site phenomena.
V. OFF-SITE OBSERVATIONS
The physical analysis of off-site phenomena in cosmol-
ogy differs considerably from previous analysis. In previ-
ous sections we have investigated the stable in time and
identified physical objects. Generally, it is not inherent
for large-scale cosmological objects, so we have for analy-
sis only the notion of the initiated fields and GS interpre-
tations given by the set theory. We will start from obvi-
ous mathematical examples and, after that, will come to
physical interpretations and descriptions different from
the ‘mainstream’ one.
The off-site objects may be observed externally, out-
side the action region, i.e. from regions G \ D, or in-
ternally inside the action region D. Exactly the action
regions are out of consideration in relativistic theories,
approximated by ‘point properties’ in them and other
continuums do not exist at all. Thus, the situations of
internal observations seem quite paradoxical in GR.
Mathematically, many GS interpretations are based
on the set theory, where the subset may be as powerful
as the set it belongs to. For example, the transforma-
tions xi = arctan x˜i between coordinates of two identical
n-dimensional continuums G: {(x0, . . . ,xn−1)} and G˜:
{(x˜0, . . . ,x˜n−1)} map ‘point-to-point’ the continuum G˜
into the n-dimensional cube (a subset D) of continuum
G, so G˜ ⇋ D ⊂ G. On the other hand, with the re-
versed transformations x˜i = arctanxi the continuum G
is mapped into G˜, so G⇋ D˜ ⊂ G˜.
Thus, the limitation of off-site continuum in action re-
gions of the observer’s continuum does not mean that off-
site continuum is limited by itself. The free test particle
from G˜ : (τ˜ , r˜) moving along the axis r˜ with the con-
stant velocity v˜ (so, its acceleration w˜ = 0) will be seen
in G : (τ, r) connected with G˜ by coordinate transforma-
tions r = arctan r˜ and τ = τ˜ as moving with the veloc-
ity v = v˜ cos2 r and the acceleration w = v˜2 sin 2r cos2 r.
The test particle seems ‘confined’ inside (−pi/2, pi/2), be-
7FIG. 3. The external (A) and internal (B) observations of ‘off-site test particle’ (the dash line - the velocity, the solid line - the
acceleration).
cause its visual velocity v → 0 with r → ±pi/2, and
the acceleration seems centripetal (see Figure 3A). The
considered transformations are not the only ones. For
example, in case of r˜ = − r|r| ln(1 − |r|), r ∈ (−1, 1) ⇆
(−∞,∞) ∋ r˜ one will have: v = v˜(1 − |r|) r→±1−→ 0 and
w = −v˜2 r|r|(1− |r|), so off-site matter seems as captured
in interval (−1, 1). Such ‘capturing’ is off-site and so un-
explainable for the observer in GR, he needs to introduce
new fundamental for him interaction - the strong one to
determine a ‘reason’.
Let’s consider the last examples of ‘confinement’ in
case of internal observation, i.e. when the observer’s
continuum G is mapped into the n-dimensional cube (a
subset D) of the off-site continuum G˜, so G ⇋ D˜ ⊂ G˜.
It corresponds to transformations reversed to just con-
sidered, i.e. r˜ = arctan r and r ∈ (−∞,∞) ⇆ r˜ ∈
(−pi/2, pi/2). Now the free test particle from off-site
continuum will be seen in the continuum of the ob-
server as moving with the velocity v = v˜(1 + r2) → ∞
with r → ±∞ and with the centrifugal acceleration
w = 2v˜2r(1 + r2) (see Figure 3B). Thus, during in-
ternal observations the off-site objects seem as ‘flying
away’ from each other with acceleration. The acceler-
ated expansion of the Universe is now observed in cos-
mology. Transformations r˜ = r|r|(1−e−|r|), r ∈ (−∞,∞):
v = v˜e|r|
r→±∞−→ +∞, w = v˜2 r|r|e2|r| lead to exponential
expansion like in the de Sitter model of the universe.
Considered mathematical examples illustrate the prin-
cipal possibilities that the set theory may give for physi-
cal description. In the general case, deterministic trans-
formations cannot describe the off-site action, but we
used them to make connections with existing causal rep-
resentations, to make principally new models obvious and
understandable for our causal kind of thinking.
For these reasons, we will investigate the ‘internal
structure’ inside the action regions by making analogies
with the curvilinear frames of references. It is possible
to consider any curvilinear frame S˜ in GR, but not all of
them may be considered as ‘physically realized’ by ‘real
bodies’ (L. Landau, E. Lifschitz Ref.[6]), only if the met-
ric tensor g˜ik of S˜ satisfies to:
g˜00 > 0, g˜ < 0,∣∣∣∣ g˜00 g˜01g˜10 g˜11
∣∣∣∣ < 0,
∣∣∣∣∣∣
g˜00 g˜01 g˜02
g˜10 g˜11 g˜12
g˜20 g˜21 g˜22
∣∣∣∣∣∣ > 0. (8)
These conditions guarantee the time dτ˜ =
√
g˜00dx
0 and
length dl˜2 = (−g˜αβ + g˜0αg˜0β/g˜00)dxαdxβ , α,β = 1..3 in
curvilinear frame to have the physical sense. The initi-
ated fields may not satisfy to conditions Eq (8), because
they exactly exceed ‘real bodies’ (in fact, this notion co-
incides with ‘ordinary matter’) and exactly ‘unphysical
objects’ are now observed in cosmology.
To analyse the internal structure of off-site objects, we
will conditionally separate the action regions on areas,
where the element g˜00 and determinant g˜ ≡ det g˜ik of
off-site metric tensor are seen as positive or negative (see
Ref.[7]) in the observer’s continuum.
The timelike area (g˜00 > 0 and g˜ < 0): The visible
off-site time dτ˜ and length dl˜ have physical sense, so the
observer may identify the off-site objects as the ‘ordinary
matter’, but their motion inside action regions is defined
mainly (see below for details) by topology of their con-
tinuums, so seems unusual in the observer’s continuum
as if acted by some ‘invisible forces’: a confinement or,
vise versa, accelerated expansion on Figures 3A,B corre-
spondingly.
The transitive area (g˜00 < 0 and g˜ < 0): “The non-
fulfillment of the condition g˜00 > 0 would mean only,
that the corresponding frame of references cannot be re-
alized by real bodies; thus if the condition on principal
values is carried out, it is possible to achieve g˜00 to be-
come positive by appropriate transformation of coordi-
nates” Ref.[6]. The space-time parameters of off-site
objects cannot be identified by the observer and these
objects will be interpreted as something amorphous, dis-
tributed in space, but it is possible to identify their in-
fluence to other objects, because they can ‘act like real
bodies’. For example, in rotational frame of references
the real massive body behind the horizon of events can-
not be identified by the rotational observer, but the grav-
itational influence of this ‘off-site’ body to other bodies
inside the horizon wouldn’t disappear. The off-site ob-
jects from transitive areas correlate with ‘dark matter’
defined in cosmology as “some invisible distributed in
8space substance, strange ‘amorphous’ media interacting
gravitationally with identified visible objects”.
The spacelike area (det g˜ik > 0): “The tensor g˜ik can-
not correspond to any real gravitational field at all, i.e.
the metrics of the real space-time” Ref.[6]. The space-
time parameters of off-site objects also cannot be iden-
tified by the observer and objects will be interpreted as
something amorphous, distributed in space, but, in dis-
tinguish to transitive area, there are no possibility to
identify their action with ‘real bodies’, so off-site objects
will possess quite unusual, even unphysical characteris-
tics (such as, for example, the gravitational repulsion or
negative pressure). In cosmology such unusual charac-
teristics are inherent to ‘dark energy’.
We have emphasized before that the visual proper-
ties of off-site objects are determined mainly by off-site
‘topology’, because due to our postulate of off-site action
in Section I both matters from observer’s and off-site con-
tinuums are involved in interaction. Thus, the dynamics
of ordinary and off-site matter depend on them both. It
means that instead of the invariance of the general inte-
gral I =
∫ Rdx of the observer’s continuum in GR, one
needs to consider the invariance of the ‘global integral’
I +
∑
I˜(j) of global system Eq (1). So, generally, one
needs to consider the variation:
δ
(
I +
∑
I˜(j)
)
= 0. (9)
Now the variation δI = 0 considered in GR is only a par-
ticular case of Eq (9) when off-site objects are stable, so∑
I˜(j) = 0. Exactly this condition is we have used for
analysis of quantum physical objects in previous sections.
Generally, δI = −∑ δI˜(j) 6= 0, which defines the ‘mat-
ter exchange’ between continuums, so there is not even
the energy conservation in the observer’s continuum for
nonstable off-site objects – there is the ‘hidden’ for the
observer the energy conservation in the global system in-
stead.
Formally, Eq (9) leads to Einstein field equations
Eq (3) with additional ‘initiated’ energy-momentum ten-
sor T ∗ik =
∑
j T
(j)
ik (different action regions may intersect,
so, this way, we are supposing the superposition of off-site
actions) taking into account the initiated fields of off-site
objects:
Rik − 1
2
gikR =
8piG
c4
(Tik + T
∗
ik) . (10)
From one side, coming from Eq (9) to Eq (10) we may
lose the solutions, because T ∗ik need to be tensor fields,
which are not so powerful as the initiated ones, but, from
other side, this approximation seems as the only avail-
able way for the observer to perceive off-site objects, so
Eq (10) is convenient for interpretation with using the
above separation on areas inside action regions.
For example, let’s consider in non-relativistic case the
off-site macroscopic continuous bodies described in their
own continuum by the energy-momentum tensor T˜ ik with
non-zero elements T˜ 00 = ε and T˜αα = p, α=1..3, where
ε is an energy density and p the pressure. These off-site
objects will be seen in the observer’s continuum in met-
rics defined by the off-site metric tensor g˜ik. In space-like
areas of the action regions one needs to have det g˜ > 0,
so it is possible to consider g˜ik = −1 if i=k and g˜ik = 0
if i 6= k. This way det g˜ = 1 > 0, and one can get for
T ∗ = g˜ikT˜
ik = −ε− 3p. The usual condition for T ∗ > 0
leads to: ε < −3p and with ε > 0 to p < 0, so describes
the substance with negative pressure. When G⇋ D˜ ⊂ G˜
this substance seems distributed in whole continuum of
the observer and has clear correspondences with dark en-
ergy observed now in cosmology with the approximated
equation of state p = −ε. Note, that ‘dark energy’ in GR
is only a model to interpret the accelerated expansion of
the universe and some other gravitational effects. The
models of ‘dark substances’ do not come from ‘standard
representations’ of GR, moreover, seems quite ‘unusual’
and ‘unphysical’ for them, while in GS they have quite
clear interpretation as an off-site observations.
There are clear physical correspondences of off-site
phenomena with objects of quantum physics and objects
beyond ‘the ordinary matter we are made of’ in cosmol-
ogy, which are just different perceptions or approximate
representations of off-site matter.
VI. LEVELS OF COGNITION
In the concept of off-site phenomena the space-time
is frames convenient for the observer and even built by
him to arrange events in the world around with help of
cause-effect chains. It is our method of cognition, our
neurophysiological possibilities. “All kinds of individual
reactions are now related with the spatial organization
of a brain, the character of associations of neurons in
micro- and macro-ensembles, their arrangement, the re-
lations with each other and with other ensembles” (see
Refs.[1, 2]).
Amounts of neurons limits the possibility of human
brain to reflect events of the world around. From the set
theory point of view, it may be estimated as having a
cardinality ℵ0 of a discrete countable sets. We will de-
fine such reflection as a zero level of cognition. The using
of the causality principle is defined by the neurophysiol-
ogy of our brain1. It lets to extend the possibilities of
cognition to sets of continuums and continuous functions
with the cardinality ℵ1. Certainly, such extension leads
to corresponding losses of contents in ‘models’ (notions)
and their interconnections during ‘generalization’. This
is the first level of cognition, the level of logical systems,
deterministic methods in mathematics, classical and rela-
tivistic theories. The existing paradigm of cognoscibility
asserts that the world around may be described com-
pletely on this level of cognition.
Staying on this level, the observer tries to intercon-
nect by cause-effect chains all available phenomena in
the world around, declaring other phenomena, even if
they exist, as not important and ‘undistinguished from
1 The detailed analysis of the process of cognition by the hu-
man brain shows that the ‘image’ of the world around is ‘con-
structed’ as the system of notions with help of mechanism:
“thesis-antithesis-synthesis”. At first, neurons in brain contin-
uously excited from sensory organs are interconnected (general-
ized) by interneuronic synapses, axons. It is a ‘thesis’. Then,
this ‘model’ from ‘short-time’ memory is compared again with
signals from sensory organs with help of the hippocamp, tonsils
and hypothalamus of the brain (‘antithesis’) and is corrected un-
til the coincidence (‘synthesis’). Only after that the brain saves
the ‘final model’ in long-time memory (see Ref.[2]).
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nonexistent’, so the observer tries to create the rigorous
logical theory by default. General relativity seems the
most general theory on this level of cognition. The GR
has “background independent nature” Ref.[14], because
its basic notions are included in the system, so the sys-
tem seems logically ‘closed’: we are searching the events
which may be included in the logical system and are able
to perceive them only on frames of existing logical sys-
tem. The space-time in GR is exactly the framework
of our representations, in which we are trying to con-
sider all events of the world around. The closure of log-
ical system related to cause-effect chains warrants the
introduction of off-site systems, off-site space-times. It
is quite difficult to realize the closure of own logical sys-
tem, our space-time and to overcome its causal limits. In
fact, the Global system declines the ‘humancentric’ (in
analogy with heliocentric) model of the world around by
declaring the possibility of existence of different points
of view, different logically separated causalities, geome-
tries, worlds. Probably, such ‘multi-verses’ are different
sides of Something single with universal interconnections
exceeded our causal understanding.
• The world around is that we perceive, but he is not
obliged to be exactly like this .
At a moment, there are no reasons to limit the ‘power’
of the world around by some level corresponding to sets
with some fixed transfinite cardinality. According to the
analysis in Section II, we may also suppose by analogy
that each level of cognition may be ‘logically closed’ in
relation to some available operations with its elements.
Taking into account the existence of sets with high car-
dinalities up to infinity, one may suppose the multi-level
structure of the world around from the cognition point of
view (see Figure 4). The world around seems ‘opened’,
because there are the infinite number of levels of cogni-
tion, while each level may seem ‘logically closed’.
We have used some statements of the set theory to de-
scribe the levels of human cognition, but it seems that the
concept of off-site phenomena, in particular connected
with the theory and with the neurophysiology of human
cognition, may, in its turn, become useful for the set the-
ory, which seems not installed well enough and is still
under construction.
Experiments in quantum physics and cosmological ob-
servations give quite explicit evidences of existence of
objects and phenomena in the world around principally
exceeded the GR model, off-site for our causality. The
world around seems much richer, more powerful, than our
causal representations about it. The world look chaotic
to us, when we are going to overcome our causal frames
and it needs to be to. The manner of description of off-
site phenomena cannot look so ‘clear and quantitative’
as deterministic methods inside logical system and they
need to be like this, other possibilities need to be found.
For example, nobody can predict the exact place of regis-
tration of the electron on the screen during interference or
diffraction, and it is a principal statement, but one can
predict quite precisely the electrons’ probability distri-
bution. Thus, such methods as probabilistic description,
fractals, generalized functions, p-adic models, extended
reals, etc. (see also E.E. Rosinger Ref.[10] and references
in it) may be considered as efforts to operate with sets of
high cardinalities.
Using the concept of off-site phenomena different lev-
els of cognition and methods of description on each level
may be separated from each other. Thus, classical and
relativistic theories operates in observer’s space-time, so
are connected with the observer and seems logical sys-
tems for him, while the objects of quantum physics and
dark substances in modern cosmology are off-site for the
observer, for his logical system. It does not mean that off-
site objects are something different from ‘ordinary mat-
ter’. The ordinary matter is only an approximated model
or logical perception of much more powerful matter in the
world around. According to such ‘unification’ of relativis-
tic and quantum theories in global system, it is obvious
that their ‘standard unification’ in frames of the rigorous
logical theory seems quite doubtful.
The world around seems more chaotic and disordered
than we think before. These representations surpris-
ingly correlate with epistemic views of ancient philoso-
pher Plato: ‘the man has the only possibility to see the
distorted shadows of the bright and multicolor Reality on
the curved wall of the cave, where he is confined and
chained up back to the entrance’. We are similarly ‘cap-
tured’ by cause-effect chains inside our logic and can only
try to reconstruct the ‘multicolor Reality’ by its images
reflected on our ‘curved logical systems’, basing on the
‘distorted shadows’ given by our senses. This is a way of
human cognition, but, it seems, not a limit.
CONCLUSION
The physical reality is that we perceive with help of
causality, but the world around seems much more com-
plicated. The space-time continuums differed from the
observer’s one need to exist. The paradigm of cognosci-
bility has got corrected interpretation: the world is cog-
nizable, but the cognition of it with help of causality is
limited and there are many levels of cognition depending
on the considered degree of chaos. The relativistic and
quantum theories operate on different levels of cognition,
so their ‘unification’ seems doubtful. We have no rea-
sons to interrupt the cognition of the world around on
some fixed level, so a number of levels of cognition may
be infinite.
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